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We deform a defect conformal field theory by an exactly marginal bulk operator and we consider
the dependence on the marginal coupling of flat and spherical defect expectation values. For even-
dimensional spherical defects we find a logarithmic divergence which can be related to a a-type
defect anomaly coefficient. This coefficient, for defect theories, is not invariant on the conformal
manifold and its dependence on the coupling is controlled to all orders by the one-point function of
the associated exactly marginal operator. For odd-dimensional defects, the flat and spherical case
exhibit different qualitative behaviors, generalizing to arbitrary dimensions the line-circle anomaly
of superconformal Wilson loops. Our results also imply a non-trivial coupling dependence for the
recently proposed defect C-function. We finally apply our general result to a few specific examples,
including superconformal Wilson loops and Re´nyi entropy.
INTRODUCTION AND RESULTS
Extended probes play a distinguished role in a
wide range of physical phenomena. Wilson and ’t
Hooft lines, boundaries, interfaces and twist oper-
ators provide physically interesting examples of a
broad class of observables denoted as defects. In the
hope of identifying universal properties, it is conve-
nient to restrict our attention to non-local operators
preserving conformal symmetry along their profile.
The study of conformal defects started a long time
ago in two dimensions [1, 2], but only recently the
constraints of conformal symmetry have been sys-
tematically imposed in higher dimensions [3].
Among all the examples of conformal defects, su-
perconformalWilson lines provide an extremely use-
ful laboratory, both because we have lot of data at
our disposal and because of the variety of techniques
that can be used to access their non-perturbative
regime. The most famous example is certainly the
Maldacena Wilson loop in N = 4 Super Yang Mills
theory [4]. In that case, the expectation value for
the circular Wilson loop is known to all orders in
the coupling [5–7] and, in particular, it is differ-
ent from the straight line expectation value, despite
the two configurations should be conformally equiv-
alent. This fact can be attributed to a conformal
anomaly in the transformation relating the straight
line and the circle [6]. Similar phenomena have been
observed in all those cases where the expectation
value of the circular Wilson loop could be computed
exactly, such as N = 2 theories in four dimensions
[7, 8] or N ≥ 2 theories in three dimensions [9–12].
It is therefore a natural question whether such an
anomaly is a more general feature of conformal de-
fects, i.e. whether it is always true that the flat
defect expectation value is different from the spher-
ical one. More generally, one may wonder whether
it makes sense to compute the defect expectation
value in the flat case where the only available scales
are the IR and UV cut-off (we will say more on this
point in the following). In this letter, we will argue
that flat and spherical defects exhibit indeed differ-
ent qualitative features and that, even assuming one
could make sense of the flat defect expectation value,
the spherical one, in general, is different and it is a
non-trivial function of the marginal coupling. Let
us stress, however, that the plane-sphere anomaly
is not related to any geometric invariant and it is
qualitatively different from the more familiar case
of the defect Weyl anomaly.
The Weyl anomaly is an important feature of ho-
mogeneous conformal field theories (CFT) in even
dimensions. A way to describe such anomaly is
through the expectation value of the trace of the
stress tensor T µµ. When the theory is embedded in
an arbitrary curved manifold T µµ acquires a non-
vanishing expectation value proportional to a linear
combination of Weyl invariants. The coefficients of
this linear combination are called anomaly coeffi-
cients and their number grows with the spacetime
dimension. It is a well-known fact that for 2 and
4 dimensions all the Weyl anomaly coefficients can
be related to pieces of conformal data, in particular
to the two- and three-point functions of the stress
tensor [13].
In the presence of defects, the number of geomet-
ric invariants grows significantly, given the presence
of additional ingredients like the extrinsic curvature
of the defect profile. The simplest possible case is
that of a two-dimensional surface, for which the rel-
evant invariants have been classified [14]. In that
case there is one a-type and two b-type anomaly co-
efficients. Interestingly, the two b-type coefficient
could be mapped to the one-point function of the
stress tensor operator and the two-point function of
2the displacement operator [15]. On the contrary,
the a-type coefficient, which is particularly inter-
esting for its expected monotonicity property under
RG flow [16, 17], has not been related to any piece
of defect conformal data yet.
In this letter, we study a particular class of con-
formal field theories characterized by the presence of
a scalar operator of protected dimension d, i.e. an
exactly marginal operator. In that case the action
can be deformed by
S → S + λ
∫
ddx O(x) (1)
where we assumed the CFT lives in flat space and for
simplicity we restrict to a single marginal direction.
The argument easily generalizes to the case of sev-
eral marginal operators. Examples of such theories
are very common in the presence of supersymmetry
in three and four dimensions (see [18] for a full clas-
sification), but the existence of non-supersymmetric
conformal manifolds in d > 2 is an interesting open
question.
We consider the dependence of the defect expecta-
tion value on the marginal coupling λ associated to
the exactly marginal operator. For the case of a flat
defect, the result is expected to be both IR and UV
divergent and the two cut-offs are the only available
scales. It is therefore not clear whether one could
identify a part of the result which is independent of
the regularization scheme in order to make sense of
it for general defects. For the Wilson line, there is
a well-defined renormalization procedure that goes
back a long time [19, 20] (a more recent discussion
can be found in [21]). Our result shows that, even
if one could identify a universal part for the flat de-
fect, it will always be independent of the marginal
coupling.
For a spherical defect the situation is more inter-
esting. The dependence on the marginal coupling is
controlled by the one-point function of the exactly
marginal operator
〈O(x)〉plane =
CO
|x⊥|d
(2)
and, as expected, it behaves differently for even and
odd dimensional defects. In particular, for a spheri-
cal conformal defect Σ of dimension p and codimen-
sion q such that p+ q = d, we find that
∂λ log 〈Σ〉 =


CO
(−1)
p
2
+14π
p+q
2
Γ( p
2
+1)Γ( q
2
) log ǫ even p
CO
(−1)
p+1
2 2π
p+q
2
+1
Γ( p
2
+1)Γ( q
2
) odd p
(3)
where ǫ is a UV cut-off and the sphere radius has
been set to one. This is in agreement with general
expectations, since we know that for even p the uni-
versal part of the defect expectation value is given
by the coefficient of the logarithmic divergence. In
particular, this coefficient can be expressed as a lin-
ear combination of Weyl invariants and the expec-
tation value of the spherical defect is related to the
a-type anomaly. For odd p, instead, we don’t ex-
pect any Weyl anomaly, but in [17] the spherical
defect expectation value (denoted as defect free en-
ergy, see equation (1.9) of [17]) has been identified
as the best candidate for a monotonically decreasing
function under defect RG flow both in even and odd
dimensions, i.e. a C-function (see also [22–25] for
previous theorems and conjectures encoded by the
proposal in [17]). Here we find that this proposed
defect C-function is not invariant on the conformal
manifold and its derivative is determined by the one-
point function of the exactly marginal operator. As
we mentioned, for odd dimensional defects this also
provides an extension to arbitrary dimensions of the
line-circle anomaly for Wilson lines.
Note added: While this paper was in the final
stage of its preparation, the preprint [26] appeared
on the arXiv, which overlaps with this work on sev-
eral aspects. The authors of [26] considered the par-
tition function of a spherical defect in a spherical
background and derived the Wess-Zumino consis-
tency conditions for the conformal anomaly. Here
we consider the expectation value of a spherical de-
fect in flat space and we include some explicit ex-
amples.
CONFORMAL DEFECTS AND MARGINAL
DEFORMATIONS
We start by considering the derivative of the log-
arithm of the defect expectation value with respect
to the exactly marginal coupling. It is immediate to
see that this derivative is related to the one-point
function of the exactly marginal operator 〈O(x)〉Σ
[27]
∂λ log 〈Σ〉 =
∫
ddx 〈O(x)〉Σ (4)
where the defect one-point function is normalized
by the defect vacuum
〈O(x)〉Σ =
〈O(x)Σ〉
〈Σ〉
(5)
Importantly, the kinematics of this one-point func-
tion is completely fixed by conformal invariance and
3the dynamical content is encoded in a single con-
stant CO, which would depend, however, on all the
free parameters in the bulk and defect theory and,
in particular, on the marginal parameter λ. The
explicit expression for the one-point function in flat
space is trivial and was given in (2). Also the ex-
tension to the spherical case is not particularly dif-
ficult. Actually, it is particularly simple using the
embedding formalism developed in [3], where one
just needs to pick two different sections of the pro-
jective cone. We summarize such analysis in the Ap-
pendix. The result is that, for the case of a spherical
defect of unit radius we can split the Euclidean co-
ordinates into p+1 “parallel” and q−1 “orthogonal”
coordinates
xµ = (xiˆ‖, x
aˆ
⊥) (6)
where we used quotation marks to highlight that the
parallel coordinates, labeled by an index iˆ, are the
p + 1 directions in which the sphere is embedded.
Consistently the index aˆ runs over the q− 1 orthog-
onal directions. Specifically, the sphere is defined
by
xiˆ‖x‖iˆ = 1 (7)
In this coordinate system, the one-point function in
presence of a spherical defect reads
〈O(x)〉sphere =
CO(
x2⊥ +
(1−x2⊥−x
2
‖
)2
4
)d/2 (8)
Despite quite unusual, this system of coordinates is
particularly useful to perform the integration in (4).
A trivial case: the flat defect
The first question we would like to address is what
happens if one performs the integral (4) in the case
of a flat defect. The answer is quite trivial. The flat
defect case is IR and UV divergent and its expecta-
tion value, in general, is bound to suffer from these
divergences. If one tries to regulate the integral (4)
with a IR cutoff L and a UV cutoff ǫ, the result is
∂λ log 〈Σ〉 = COSq−1Sp−1
∫ ∞
ǫ
dr⊥
1
r
d−q+1
⊥
∫ L
0
dr‖r
p−1
‖
= COSq−1Sp−1
(
L
ǫ
)p
(9)
where Sn = 2
π
n+1
2
Γ(n+1
2
)
is the volume of the n-sphere.
The result (9) for integer values of p is a power-like
divergence and therefore it is an artifact or the regu-
larization procedure. In particular, one can consider
performing the integral in dimensional regulariza-
tion by allowing p to take non-integer values. In that
case, the integrals appearing in (9) are the typical
examples of scaleless integrals and therefore must
be set to zero in dimensional regularization. The
correct way to interpret this result is to affirm that
there is no universal part of the flat defect expecta-
tion value which depends on the marginal coupling.
In other words, even if some symmetry protects the
flat expectation value from the aforementioned di-
vergences or if one could identify a universal part
after renormalization, the result would not depend
on λ. In the literature, similar issues are discussed
in the context of supersymmetric Wilson lines [21].
The spherical defect
We will see that the story is quite different for the
case of a spherical defect. Using the coordinates in-
troduced in (7) and trivially performing the angular
integrations we obtain
∂λ log 〈Σ〉 = COSq−2Sp
∫ dr⊥dr‖rq−2⊥ rp‖(
r2⊥ +
(1−r2⊥−r
2
‖
)2
4
)d/2
(10)
with r‖ = |x‖| and r⊥ = |x⊥|. The location of
the divergence is geometrically very clear, since the
defect is positioned at r⊥ = 0 and r‖ = 1. As a
double check of our result, we perform the integrals
in two different ways.
Dimensional regularization
In the first example, we will use a defect version
of dimensional regularization such that d = p+ q is
fixed, but p and q are kept generic. That means
we are not changing the total dimension of the
space, but we are changing defect dimension and
codimension. Introducing polar coordinates (r‖ =
r sin θ, r⊥ = r cos θ) we get
∂λ log 〈Σ〉 = (11)
COSq−2Sp
∫ ∞
0
dr
∫ pi
2
0
dθ
(cos θ)q−2(sin θ)p
r
(
cos θ2 +
( 1
r
−r)2
4
)p+q/2
4and, after performing the integrals
∂λ log 〈Σ〉 = CO
2π
d
2 Γ(− p2 )
Γ( q2 )
(12)
Clearly this expression has single poles for even val-
ues of p. This is expected since for even dimensional
defects the universal part of the free energy is pro-
portional to a logarithmic UV singularity. To ex-
tract the coefficient of the logarithm we can simply
take the residue
∂λ log 〈Σ〉
even p
univ = CO
(−1)
p
2
+14π
d
2
Γ(p2 + 1)Γ(
q
2 )
(13)
On the other hand, for odd p the result is finite and
it is simply
∂λ log 〈Σ〉
odd p
= CO
2π
d
2 Γ(− p2 )
Γ( q2 )
(14)
We will see that these results are perfectly repro-
duced by a cut-off analysis, where the physical in-
terpretation of the divergence is more transparent.
Cut-off regularization
We compute the integral (10) for integer values
of p and q regularizing by a UV cutoff ǫ around
r‖ = 1, where the defect is located. We then isolate
the universal term in the expansion (i.e. the term
that is not affected by a rescaling of the cutoff). For
even p it appears as the coefficient of log ǫ, while for
odd p it is a finite part.
Let us start by even p and q > 1. One can per-
form the integral for several integer values of p and
q and then extract the coefficient of the logarith-
mic singularity. Doing so, one finds they fit in the
pattern
∂λ log 〈Σ〉
even p
univ = CO
(−1)
p
2
+14π
p+q
2
Γ(p2 + 1)Γ(
q
2 )
log ǫ (15)
in perfect agreement with (13) (in this case however
we left the logarithm explicit since it is related to
the actual value of the cutoff).
For odd p and q > 1 a similar analysis gives
∂λ log 〈Σ〉
odd p
sphere = CO
(−1)
p+1
2 2π
p+q
2
+1
Γ(p2 + 1)Γ(
q
2 )
(16)
which agrees with (14) for odd p.
When q = 1 we do not have orthogonal coordi-
nates in the spherical case (let us stress again that
we denote as parallel all the directions where the
sphere is embedded) and one may be worried that
the previous results do not apply to this specific
case. Actually, in this case the integral is simply
∂λ log 〈Σ〉
q=1
sphere = COSp2
d
∫
dr‖
r
p
‖∣∣∣1− r2‖∣∣∣p+1 (17)
and we find that its universal part agrees perfectly
with (14) and (13) evaluated at q = 1. Notice how-
ever that this is true only if the integral extends from
zero to infinity, so in the case of a codimension one
defect (not a boundary, and not an interface with
two different theories on the two sides).
EXAMPLES
Here we apply our general result to a few in-
teresting examples. First, we specify our for-
mula to line defects and we extract predictions
for the Lagrangian expectation value of three- and
four-dimensional theories where the Wilson loop is
known exactly. For the case of N = 4 SYM we are
particularly lucky because the Lagrangian expecta-
tion value can be computed independently thus con-
firming the validity of our formula. Then we con-
sider the case of a two-dimensional defect, where the
set of independent Weyl invariants is well known.
This allows us to write down an equation for the
a-type anomaly coefficient and to show that it is
related to the scalar one-point function CO. Fi-
nally, we consider the general case of codimension 2
that is relevant for the twist operator, i.e. the op-
erator whose expectation value computes the Re´nyi
entropy. For the four-dimensional case, using a spe-
cific feature of the twist operator, we can write down
a general formula relating the one-point function of
the stress-tensor to CO.
Line defects
If we specify our formula (14) to the case p = 1
we find
∂λ 〈W〉 = −2πSq−1CO (18)
where we usedW to denote the line defect. Focusing
on the two cases of interest here we have
CO = −
1
4π2
∂λ 〈W〉 d = 3 (19)
CO = −
1
8π2
∂λ 〈W〉 d = 4 (20)
5For convenience in the future comparison with ex-
act results we perform a change of variables. In
(4) we assumed that the coupling λ multiplies the
marginal operator, while in the ordinary Yang-Mills
lagrangians the inverse of the ’t Hooft coupling ap-
pears in front of the action. Let us therefore intro-
duce the coupling λˆ = 1λ and reabsorb a factor of λˆ
in the definition of CO such that λˆCˆO = CO. This
gives
CˆO =
1
4π2
λˆ∂λˆ 〈W〉 d = 3 (21)
CˆO =
1
8π2
λˆ∂λˆ 〈W〉 d = 4 (22)
which can be used to extract predictions for the one-
point function of the Lagrangian for those theories
where the exact expression of the Wilson loop is
known. This is perhaps not very surprising, but
for N = 4 SYM it constitutes a strong consistency
check since the one-point function of the Lagrangian
can be computed independently.
1
2
BPS Wilson loop in N = 4 SYM
The expectation value of the circular Wilson loop
in N = 4 SYM is given by [5–7]
〈W〉 =
1
N
L1N−1
(
−
λˆ
4N
)
e
λˆ
8N (23)
where L is the modified Laguerre polynomial.
To obtain an independent prediction on the La-
grangian one-point function (without taking an ex-
plicit derivative with respect to λˆ) we can do the fol-
lowing. First of all, we consider the Bremsstrahlung
function, defined as the coefficient of the second or-
der term in the small angle expansion of the cusp
anomalous dimension [28]
Γcusp(φ) = −B(λˆ, N)φ
2 +O(φ4) (24)
This function can be computed exactly combining
defect techniques with supersymmetric localization
[28]
B(λˆ, N) =
1
2π2
λˆ∂λˆ 〈W〉 (25)
Then, we introduce the one-point function of the
stress tensor (for a straight Wilson line in direction
4 and na =
xa
|x⊥|
with a = 1, 2, 3)
〈Tab〉 = −
h(λˆ, N)
x4⊥
(δab − 2nanb) , (26)
〈Ta4〉 = 0 , 〈T44〉W =
h(λˆ, N)
x4⊥
, (27)
and its relation to the Bremsstrahlung function [29,
30]
h(λˆ, N) =
B(λˆ, N)
3
(28)
Finally, we use the fact that in N = 4 SYM the
Lagrangian and the stress tensor operator belong
to the same supermultiplet. Using supersymmetric
Ward identities along the lines of [30–32] one can
prove that
h(λˆ, N) =
4
3
CˆO(λˆ, N) (29)
The same relation, in slightly different conventions,
was found in [33]. Therefore, combining all these
results we get
λˆ∂λˆ log 〈W〉 = 8π
2CˆO(λˆ, N) (30)
in perfect agreement with formula (22). Using the
same reasoning backwards, i.e. starting from the va-
lidity of (22), we obtain an alternative derivation of
the exact formula for the Bremsstrahlung function
(25) without using the localization argument of [28].
Surface defects
As we mentioned, for even dimensional defects,
our result relates the one-point function of the ex-
actly marginal operator to the derivative with re-
spect to the coupling of the defect a-anomaly. For
the case p = 2, the general form of the universal
part of the defect free energy is given by
log 〈Σ〉|univ =
(
fa
2π
Ia +
fb
2π
Ib −
fc
2π
Ic
)
log(ǫ) (31)
where Ia =
∫
ΣRΣ, Ib =
∫
Σ K˜
a
ijK˜
a
ij and Ic =∫
Σ γ
ijγklCikjl are three defect Weyl invariants built
out of the 2d Ricci scalar RΣ, the traceless part of
the extrinsic curvature K˜aij and the embedded Weyl
tensor Cikjl contracted with the embedded metric
γij . All the integrals are performed over the defect
with the appropriate invariant measure. Here we
are interested in the Ia invariant, a.k.a. Euler char-
acteristics. For a spherical defect that is the only
non-vanishing contribution and we have∫
S2
RS2 = 8π (32)
Combining this with (13) we get
∂λfa =
π
2
Sq−1CO (33)
6which is one of the main result of the paper as it
predicts that the a-type Weyl anomaly coefficient
fa is not invariant on the conformal manifold and
its derivative is controlled by the one-point function
of the exactly marginal operator O.
Looking at specific examples for the case of sur-
face defects, it turns out that maximal supersymme-
try is too constraining and the a-anomaly coefficient
vanishes [31, 34]. This is however not the case for
lower supersymmetry. The authors of [35], for ex-
ample, computed exact results for two-dimensional
spherical defects in N = 2 theories and they all ex-
hibit a non-trivial dependence on the coupling.
Re´nyi entropies
In [15], it was pointed out that twist operators
in dimension higher than two can be treated as a
conformal defect. This has led to several important
developments [36, 37], especially in connection with
the proof of the Quantum Null Energy Condition
[38, 39]. The Re´nyi entropy Sn is related to the
twist operator expectation value by [15]
〈τn〉 = e
(1−n)Sn (34)
and its universal (regulator independent) part is
given by [40]
Sunivn =
{
(−1)
d
2 sd log ǫ even d
(−1)
d−1
2 sd odd d
(35)
This structure is clearly in agreement with our find-
ings and we can relate the derivative of sd to the
one-point function of O
(1 − n)∂λsd =
{
Sd−12CO even d
Sd−1π CO odd d
(36)
For d = 4, we can do something more. In that
case the Re´nyi entropy is a surface defect and its
universal part is described by (31) with the only
difference that all the anomaly coefficients also de-
pends on the replica number n. For this example,
however, one additional relation between the coeffi-
cients is available [41]
fc(n) =
n
n− 1
(a− fa(n)− (n− 1)∂nfa(n)) (37)
where a is the a-anomaly coefficient of the bulk the-
ory. Taking a derivative with respect to λ and using
the result and the conventions of [15], relating fc(n)
to the stress tensor one-point function we get
∂λh(n, λ) =
2n
3
( a
π
− π(1 − (n− 1)∂n)CO(n, λ)
)
(38)
which provides an intriguing relation between the
stress-tensor one-point function and the marginal
operator one-point function.
DISCUSSION
In this letter we considered the effect of an ex-
actly marginal deformation on a defect field theory.
Thanks to the presence of a non-vanishing one-point
function, the first order derivative of the defect ex-
pectation value with respect to the coupling is non-
vanishing and it is determined by a single piece of
defect CFT data. This implies a non-trivial coupling
dependence for the a-type anomaly coefficient and
for the proposed defect C-function. For the case of
the four-dimensional Re´nyi entropy we also derived
an equation relating the coupling derivative of the
stress tensor to the one-point function of the stress
tensor operator.
It would be interesting to analyze further exam-
ples, especially in the context of boundaries. It
would also be important to better understand b-
type anomalies for higher even dimensional defects
and how they could be mapped to defect conformal
data. Finally, one would like to find bounds on the
allowed values of the a- and b-type defect anomaly
coefficients (or their ratios) with and without super-
symmetry.
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Appendix
A scalar operator of dimension d in embedding
formalism has a one-point function
〈O(P )〉Σ =
CO
[P, P ]d/2
(39)
where the embedding coordinates in Poincare´ sec-
tion are defined as PM = (P 0, ..., P d+1) =
7(1+x
2
2 , x
µ, 1−x
2
2 ) and the square bracket [P, P ] is the
product in the orthogonal directions. As we men-
tioned in the main text, we keep the bulk in flat
space and we only deform the shape of the defect,
therefore xµ are simply Cartesian coordinates in Eu-
clidean d-dimensional space. In embedding coordi-
nates a plane is parametrized as
PM (σ) =

1 + σ2
2
, σi, 0, ..., 0︸ ︷︷ ︸
q
,
1− σ2
2

 (40)
where i = 1, ..., p is an index in the parallel direc-
tions. Therefore, the embedding coordinates are
naturally split in p + 2 parallel and q orthogonal
ones. We label parallel by I and orthogonal by A
P I = (P 0, P i, P d+1) PA = P a (41)
with a = p + 1, ..., d. It is therefore immediate to
recover (2) for the one-point function with a flat
defect.
Now let us consider a spherical defect of unit ra-
dius. In embedding coordinates it is parametrized
as
PM (σ) =
(
1,
2σi
σ2 + 1
,
1− σ2
1 + σ2
, 0, ..., 0
)
(42)
Notice that, compared to the plane case, the sphere
does not fill the (d+1)th direction of the lightcone,
but it needs the (p+1)th dimension. This is simply
the statement that a p-sphere is embedded in p+ 1
coordinates. Therefore we can split the embedding
coordinates in orthogonal and parallel as
P I = (P 0, P i, P p+1) PA = (P p+2, ..., P d+1)
(43)
Since for the spherical case it is convenient to split
the coordinates into p + 1 directions where the
sphere is embedded and q − 1 that are orthogonal,
we introduce two new indices iˆ = 1, ..., p + 1 and
aˆ = p + 2, ...d. The spacetime coordinates are split
as
xµ = (xiˆ‖, x
aˆ
⊥) (44)
We stress again that orthogonal here refers to the
space orthogonal to the embedding of the sphere.
Therefore, although strictly speaking the radial di-
rection of x‖ is orthogonal to the defect, we count
it as parallel. This may be confusing, but it turns
out to be more practical.. The orthogonal norm of
P for the spherical case read
[P, P ] = x2⊥ +
(1− x2⊥ − x
2
‖)
2
4
(45)
and this immediately gives (8).
[1] J. L. Cardy, Nucl.Phys. B240, 514 (1984).
[2] D. McAvity and H. Osborn,
Nucl.Phys. B406, 655 (1993),
arXiv:hep-th/9302068 [hep-th].
[3] M. Billo`, V. Goncalves, E. Lauria, and M. Meineri,
JHEP 04, 091 (2016), arXiv:1601.02883 [hep-th].
[4] J. M. Maldacena, Phys. Rev. Lett. 80, 4859 (1998),
arXiv:hep-th/9803002 [hep-th].
[5] J. Erickson, G. Semenoff, and K. Zarembo,
Nuclear Physics B 582, 155 (2000),
arXiv:0003055 [hep-th].
[6] N. Drukker and D. J. Gross,
Journal of Mathematical Physics 42, 2896 (2001),
arXiv:0010274 [hep-th].
[7] V. Pestun, Communications in Mathematical Physics 313, 71 (2012),
arXiv:0712.2824.
[8] F. Passerini and K. Zarembo,
JHEP 09, 102 (2011), [Erratum:
JHEP10,065(2011)], arXiv:1106.5763 [hep-th].
[9] A. Kapustin, B. Willett, and I. Yaakov,
JHEP 03, 089 (2010), arXiv:0909.4559 [hep-th].
[10] L. Griguolo, G. Martelloni, M. Poggi,
and D. Seminara, JHEP 1309, 157 (2013),
arXiv:1307.0787 [hep-th].
[11] M. Bianchi, G. Giribet, M. Leoni, and S. Penati,
JHEP 1310, 085 (2013), arXiv:1307.0786 [hep-th].
[12] A. Mauri, H. Ouyang, S. Penati, J.-B.
Wu, and J. Zhang, JHEP 11, 145 (2018),
arXiv:1808.01397 [hep-th].
[13] H. Osborn and A. C. Petkou,
Annals Phys. 231, 311 (1994),
arXiv:hep-th/9307010 [hep-th].
[14] C. R. Graham and E. Wit-
ten, Nucl. Phys. B546, 52 (1999),
arXiv:hep-th/9901021 [hep-th].
[15] L. Bianchi, M. Meineri, R. C. Myers,
and M. Smolkin, JHEP 07, 076 (2016),
arXiv:1511.06713 [hep-th].
[16] K. Jensen and A. O’Bannon,
Phys. Rev. Lett. 116, 091601 (2016),
arXiv:1509.02160 [hep-th].
[17] N. Kobayashi, T. Nishioka, Y. Sato,
and K. Watanabe, JHEP 01, 039 (2019),
arXiv:1810.06995 [hep-th].
[18] C. Cordova, T. T. Dumitrescu, and K. Intriligator,
JHEP 11, 135 (2016), arXiv:1602.01217 [hep-th].
[19] H. Dorn and E. Wieczorek, Z. Phys. C9, 49 (1981),
[Erratum: Z. Phys.C9,274(1981)].
[20] S. Aoyama, Nucl. Phys. B194, 513 (1982).
[21] L. Griguolo, D. Marmiroli, G. Martelloni,
and D. Seminara, JHEP 05, 113 (2013),
arXiv:1208.5766 [hep-th].
[22] M. Nozaki, T. Takayanagi, and T. Ugajin,
JHEP 06, 066 (2012), arXiv:1205.1573 [hep-th].
[23] D. Gaiotto, (2014), arXiv:1403.8052 [hep-th].
[24] J. Estes, K. Jensen, A. O’Bannon, E. Tsatis,
and T. Wrase, JHEP 05, 084 (2014),
arXiv:1403.6475 [hep-th].
8[25] S. Yamaguchi, JHEP 10, 002 (2002),
arXiv:hep-th/0207171 [hep-th].
[26] C. P. Herzog and I. Shamir, (2019),
arXiv:1907.04952 [hep-th].
[27] One may be worried of a possible explicit depen-
dence on λ in the definition of the defect. If this
was the case, the first-order derivative with respect
to the marginal coupling would give the one-point
function of a defect operator, which vanishes by con-
formal invariance.
[28] D. Correa, J. Henn, J. Maldacena, and A. Sever,
Journal of High Energy Physics 2012, 48 (2012),
arXiv:1202.4455.
[29] A. Lewkowycz and J. Maldacena,
Journal of High Energy Physics 2014, 25 (2014).
[30] L. Bianchi, M. Lemos, and M. Meineri,
Phys. Rev. Lett. 121, 141601 (2018),
arXiv:1805.04111 [hep-th].
[31] J. Gomis, S. Matsuura,
T. Okuda, and D. Trancanelli,
Journal of High Energy Physics 2008, 068 (2008).
[32] B. Fiol, E. Gerchkovitz, and Z. Komar-
godski, Phys. Rev. Lett. 116, 081601 (2016),
arXiv:1510.01332 [hep-th].
[33] B. Fiol, B. Garolera, and A. Lewkowycz,
Journal of High Energy Physics 2012, 93 (2012).
[34] K. Jensen, A. O’Bannon, B. Robinson, and
R. Rodgers, Phys. Rev. Lett. 122, 241602 (2019),
arXiv:1812.08745 [hep-th].
[35] J. Gomis and B. Le Floch, JHEP 04, 183 (2016),
arXiv:1407.1852 [hep-th].
[36] S. Balakrishnan, S. Dutta, and
T. Faulkner, Phys. Rev. D96, 046019 (2017),
arXiv:1607.06155 [hep-th].
[37] L. Bianchi, S. Chapman, X. Dong, D. A.
Galante, M. Meineri, and R. C. Myers,
JHEP 11, 180 (2016), arXiv:1607.07418 [hep-th].
[38] S. Balakrishnan, T. Faulkner, Z. U. Khandker, and
H. Wang, (2017), arXiv:1706.09432 [hep-th].
[39] S. Balakrishnan, V. Chandrasekaran, T. Faulkner,
A. Levine, and A. Shahbazi-Moghaddam, (2019),
arXiv:1906.08274 [hep-th].
[40] H. Liu and M. Mezei, JHEP 04, 162 (2013),
arXiv:1202.2070 [hep-th].
[41] A. Lewkowycz and E. Perlmutter,
JHEP 01, 080 (2015), arXiv:1407.8171 [hep-th].
